SkQThy, a novel and promising mitochondria-targeted antioxidant.
Since thymoquinone (2-isopropyl-5-methylbenzoquinone) isolation from Nigella sativa in 1963, various studies have reported on its diverse pharmacological properties. However, despite its versatile healing abilities, clinical trials involving the use of thymoquinone have not been initiated due to its poor bioavailability. Many attempts have been made to improve the therapeutic efficacy of thymoquinone by synthesizing analogs, as well as by developing nanotechnology-based delivery systems. We hypothesized that some of the issues with thymoquinone delivery and bioavailability could be resolved by targeted delivery to mitochondria of thymoquinone derivatives conjugated to the penetrating lipophilic cationic triphenylphosphonium fragment. As mitochondria are the major site of reactive oxygen species generation in the cell, such a membranotropic thymoquinone derivative can act as an efficient antioxidant or prooxidant depending on the concentration used. Based on these theoretical considerations, a novel mitochondria-targeted compound, SkQThy, was synthesized and its effects on rat liver mitochondria and yeast cells were examined. SkQThy was found to exhibit pronounced antioxidant activity in mammalian mitochondria and yeast cells, decreasing hydrogen peroxide production in mitochondria, as well as preventing prooxidant-induced oxidative stress and mitochondrial fragmentation in yeast cells and increasing cell viability. Moreover, SkQThy proved itself to be the most efficient mitochondria-targeted antioxidant within the SkQs family, showing good therapeutic potential.